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Article abstract
The high cost of textbooks is of concern not only to college students but also to society as a whole. Open textbooks promise the same educational benefits as traditional textbooks; however, their efficacy remains largely untested. We report on one community college's adoption of a collection of open resources across five different mathematics classes. During the 2012 fall semester, 2,043 students in five different courses used these open access resources. We present a comparison between the previous two years in terms of the number of students who withdrew from the courses and the number that completed the courses with a C grade or better. Our analysis suggests that while there was likely no change in these educational outcomes, students who have access to open access materials collectively saved a significant amount of money. Students and faculty were surveyed as to their perceptions of these materials and the results were generally favorable. Wiley and Green (2012) state that "College students spend an average of $900 per year on textbooks-26 percent of the cost of tuition at a public, four-year university" (p. 83).
Introduction
This percentage is sometimes even higher at community colleges where tuition and fees are traditionally lower than at universities. Paying for expensive textbooks seems particularly questionable in introductory courses, in which the information being presented is largely stable and the knowledge is readily available. Textbooks are only part of a larger issue, namely that many students struggle to pay for higher education in general and textbooks specifically (Allen, 2011) . According to Perry (2012) , The 812% increase in the price of college textbooks since 1978 makes the run-up in house prices and housing bubble (and subsequent crash) in the 2000s seem rather inconsequential, and the nine-fold increase in textbook prices also dwarfs the increase in the cost of medical services over the last three decades. Compared to the 250% increase in the Consumer Price Index (CPI) over the last 34 years, college textbooks have risen more than three times the amount of the average increase for all goods and services. Martin and Lehren (2012) report that in the United States alone, outstanding student loans (part of which funds are used for purchasing textbooks) now total over one trillion dollars. Although textbooks are not the exclusive reason for this debt, Buczynski (2007) argues that particularly for community college students, textbook prices can be a significant part of their overall college expenses. Hilton and Wiley (2011) suggest that using open textbooks can provide substantial cost savings to students without compromising educational efficacy. Open textbooks are similar to traditional textbooks in terms of content; however, they are generally available for free in digital format, along with low-cost print copies. Such textbooks are classified as being a subset of open educational resources (OER). OER have the advantage of being freely available online and have Creative Commons licenses that (among other things) allow for them to be reused for free in a variety of contexts (Bissell, 2009; D'Antoni, 2009; Downes, 2007) . Introductory Algebra Math 09x.
Three primary OER were employed in this class. First there was a student workbook, written by SCC faculty members. Because many of the instructors at SCC do hands-on work with groups and white-board work in class, they wanted materials that would support this approach. They created a workbook that contains examples (which students complete by watching videos), practice problems, and end-of-lesson assessments. The SCC faculty published this workbook using a Creative Commons license. Second, they used the Internet Mathematics Assessment System, "a web-based math assessment tool for delivery and automatic grading of math homework and tests" (Lippman, n.d.) . This open source software is licensed under the GNU Public License.
Finally an OER textbook, CK12 Introductory Algebra (Gloag, Gloag, and Kramer), was used primarily as an online resource; few instructors required the book, relying instead on the video modules that were part of the workbooks.
Intermediate Algebra Math 12x.
Materials similar to those used in Math 09x (albeit at a higher level) were available for Math 12x. The textbook in this class was CK12 Intermediate Algebra (Gloag, Gloag, Kramer, and Landers).
College Algebra Math 15x.
As with the Math 09x and Math 12x courses, Math 15x utilized a student workbook created by SCC faculty members using a Creative Commons license and the Internet Mathematics Assessment System. It also used online lessons created in Softchalk (www.softchalk.com) that introduces the material to students. 
Research Questions and Method
In this study we had three key research questions.
1. How much money did students save because of the use of open textbooks?
2. Did the patterns of retention and student success change after OER was implemented?
3. How did students and faculty perceive OER quality, compared to other materials?
In the fall of 2012, 2,043 students taking 65 sections of math classes used the open materials. Forty-two different instructors were involved; 643 students were enrolled in MAT09x, 764 in MAT12x, 461 in MAT15x, 95 students in MAT182, and 80 students in MAT187. Ninety-three of these students were enrolled in distance versions of the respective courses. In order to investigate whether these materials influenced (positively or negatively) student learning outcomes we examined institutional data reported by SCC on withdrawal rates and those completing the course with a C grade or better.
These data are publicly available. We also surveyed both students and faculty as to their
experiences with the open materials. These surveys were based on the work done by , and were administered during class; 966 students completed the 
Results
Textbook Costs SCC faculty members who were surveyed as to the costs of the textbooks they typically have required in the past reported that the average cost of these textbooks was $125.
Some courses ranged as high as $220. As stated above all of the materials necessary for the five different math courses included in this study were available online for free; in some instances hard copies of textbooks were also made available for optional purchase at prices ranging from $13.00 to $30.00. If we assume that all 2,043 students would have purchased a $125.00 textbook, and instead used the openly licensed, free online materials, the resulting savings would be $255,375.00. Clearly not every student would have purchased a new textbook, and some students may have opted to purchase a printed copy of the open materials, but this figure does indicate the significant cost savings to students that can result from a single semester's adoption of OER.
Grades and Completion Rates
Our second research question asked if there were any changes in student success patterns or completion rates in the fall of 2012, the semester in which open educational resources were used. Student success patterns were measured by the rate at which students passed the math class with a C grade or better. The results for the fall semesters during years 2010 to 2012 are shown in Table 1 (we only compared fall numbers given that the student population in the courses shifts substantially between fall and spring semesters). A similar pattern was observed when examining the data for course completion rates in 2012 compared to previous years. The 2012 completion rate in Math 09X was significantly lower than the completion rate in the previous year, .
Again, possible explanations for this change will be subsequently discussed. There did not appear to be a drop in completion rate in other courses in the year that OER were adopted. Table 2 summarizes completion rates for the classes that were the focus of this study. 
Student Perceptions of the Materials
Our third research question asked how students and faculty at SCC perceived the quality and content of the new OER. We surveyed students to learn of their perceptions of the OER used in their classes. Students were generally positive about the materials. In total, 83% either strongly agreed or slightly agreed with the statement, "Overall, the materials adequately supported the work I did in class." Figure 1 the quality of texts in my other courses"; nine instructors said they were "About the SAME AS the quality of texts in my other courses"; and six reported that they were "BETTER than the quality of texts in my other courses" (two faculty members left this question blank).
Of the 15 instructors who responded to the question, "Do you feel that the OER materials adequately supported the work that was completed INSIDE the classroom?
Why or why not?" 13 answered "yes," and then provided an explanatory comment. The following are two examples of these answers: "Yes, although I will rearrange some of the material next time around. For example, I like to cover properties of exponents BEFORE exponential and logarithmic functions as we use these properties at that time in my class" and "Yes, it is a complete resource." The two responses that did not begin with a "yes" are as follows: "Need more specific examples" and "Most of the time it was supported."
Similarly, of the 15 instructors who responded to the question, "Do you feel that the OER materials adequately supported the work that was completed OUTSIDE the classroom? Why or why not?" 13 answered "yes." Sample responses are "Yes. These materials provided the students useful resources" and "Yes. It focused in the lesson well." The remaining two responses were "Mostly -often students had online questions, which were discussed through MathAS or in class" and "In Math 12x, the online HW contained questions that were not written in the style of the workbook questions. Some students had difficulty in transferring their skills to the online questions."
Discussion and Limitations
Our first research question pertained to the amount of money students saved as a result of the open textbooks. As we reported above, if all 2,043 students would have purchased a $125.00 textbook, and instead used the openly licensed, free online materials, the total savings would have been $255,375.00. Because we did not directly measure the amount of money students spent purchasing textbooks during the years 2010-2012, we cannot ultimately determine what the exact cost savings were. However, even if only half the students would have purchased the traditional textbooks, the savings experienced by the students at one community college in one semester would still have eclipsed $100,000.00.
To answer our second research question, we examined the rates of student success and course completion in the year of OER adoption compared to the previous two years.
Although this case study prohibits any causal attribution to observed change or lack of change in this data, the patterns might provide rationale and direction for future research. With the exception of Math 09x, there were no changes observed in either rates of success or completion. While there was an observed negative change in both student success and completion rates for the Math 09x course, there were external factors that suggest that this change may not have been due to the adoption of a new curriculum.
Immediately prior to the fall 2012 semester, SCC changed the placement system they were using to determine which math courses students would take. As a result, students who in previous years would have been placed into a lower math course based on their placement test scores were instead put into Math 09x. In this case, this policy change is would by necessity be purely academic, since copyright restrictions would prohibit faculty from making substantive changes to those materials.
Ultimately, we believe that our key findings are that (1) there was not a strong correlation between using an open textbook and changes in student learning and (2) students whose faculty assign open textbooks potentially save a significant amount of money. OER can be used to drastically improve the affordability of education while adhering to the medical ethics maxim primum non nocere, "first, do no harm".
Conclusion
This study may represent an important step in examining how the use of open materials may influence both the cost of post-secondary education and student learning. While we can be certain that students and faculty members viewed these particular materials positively, it is not clear whether they had any impact on student learning. Additional research is needed to answer important questions in this area of study. For example, a future study could determine whether or not the use of open resources has a statistically significant effect on students obtaining and using resources for a course. It is possible that many students do not get the required and recommended materials for a course due to the cost of the materials. Does having all materials for courses freely online increase student access to these learning materials? Moreover, does increased access to materials lead to increased learning? Do students in distance education perceive OER differently from those in a face-to-face setting? Continued work in multiple contexts is needed to gain a more detailed view of what happens when OER are substituted for traditional learning materials.
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OER Materials Discussed in the Article
The OER materials discussed in this paper can be found at http://sccmath.wordpress.com. Click the tabs at top to 09x, 12x. This will give links to the workbook and all videos. For links to the workbooks and textbooks for all classes, go to https://score.scottsdalecc.edu/?q=s13
For college algebra https://score.scottsdalecc.edu/?q=nodequeue/14
The Internet Mathematics Assessment System is available at http://www.imathas.com/.
